The goals of this two-part series on children with histories of early recurrent otitis media with effusion (OME) were to assess the risk for speech disorder with and without hearing loss and to develop a preliminary descriptive-explanatory model for the findings. Recently available speech analysis programs, lifespan reference data, and statistical techniques were implemented with three cohorts of children with OME and their controls originally assessed in the 1980s: 35 typically developing 3-year-old children followed since infancy in a university-affiliated pediatrics clinic, 50 typically developing children of Native American background followed since infancy in a tribal health clinic, and (in the second paper) 70 children followed prospectively from 2 months of age to 3 years of age and older. Dependent variables included information from a suite of 10 metrics of speech production (Shriberg, Austin, Lewis, McSweeny, & Wilson, 1997a , 1997b . Constraints on available sociodemographic and hearing status information limit generalizations from the comparative findings for each database, particularly data from the two retrospective studies. The present paper reports findings from risk analysis of conversational speech data from the first two cohorts, each of which included retrospective study of children for whom data on hearing loss were not available. Early recurrent OME was not associated with increased risk for speech disorder in the pediatrics sample but was associated with approximately 4.6 (CI = 1.10-20.20) increased risk for subclinical or clinical speech disorder in the children of Native American background. Discussion underscores the appropriateness of multifactorial risk models for this subtype of child speech disorder.
preliminary because they are based on data from three cohorts of children tested over a decade ago. The databases for these cohorts did not always provide for the types of sociodemographic and other information that are routinely collected in contemporary studies using epidemiologic methods. The unique contribution of the present reports are that they use contemporary speech production analysis metrics and a variety of statistical modeling techniques. For efficiency, methodological issues and procedures common to both papers are described only in this first paper. Also, full discussion of findings from the first paper is deferred to a summative perspective provided at the end of the second paper.
Review of Findings From Studies of Otitis Media With Effusion and Speech
Description Table 1 is a summary of findings from 27 studies of otitis media with effusion and speech obtained from a literature search of publications in English during the last 30 years. Owing to definitional inconsistencies in the otitis media literature (cf. Daly, 1997) , not all of the 27 studies define children as having effusion, nor do studies (including those to be reported in this paper) consistently differentiate among such terms as frequent, recurrent, persistent, or chronic otitis media (cf. Roberts, Burchinal, & Campbell, 1994) . With some modifications in the definition of retrospective and ambispective designs, the format is consistent with information provided in a literature review completed over a decade ago by Roberts and colleagues (Roberts, Burchinal, Koch, Footo, & Henderson, 1988) and updated in Roberts, Burchinal, Davis, Collier, and Henderson (1991) and Roberts and Clarke-Klein (1994) . Each study in Table 1 included at least one question about OME as a risk factor for speech disorder using one of three designs. Retrospective designs used otological records of OME history relative to current speech status. Ambispective designs used case records to establish otitis history, with participants then followed for a specified time period to monitor change. Prospective designs used data collection at one point in time (typically birth or soon thereafter) with repeated measures at controlled intervals to monitor otologic, impedance, and/ or audiologic status, as well as speech status.
Of the 27 studies classified in the second column in Table 1 , 13 (48%) were retrospective, 10 (37%) were ambispective, and 4 (15%) were prospective. A critical difference relative to the risk analysis methods used in the current studies was whether the participants in each study constituted a cohort, in which all or almost all members of a group of individuals were classified for exposure history (i.e., OME) and for outcome (i.e., speech disorder). Cohort designs are common in epidemiologic research where the goal is to calculate the risk of disease for all possible members of the cohort. Cohort studies are less prone to selection and measurement biases than case-control studies and are better able to establish the temporal relationship between exposure and disease. With reference to Table 1 , 10 (37%) of the studies were cohort designs, with the remaining 17 (63%) using noncohort, case-control designs. Thus, of 27 otitis-speech studies conducted during the last 30 years, 48% have used retrospective designs (11% retrospective cohort plus 37% case-control) to test whether a positive history of OME is a significant risk factor for speech disorder.
The Participants columns in Table 1 indicate that otitis-speech studies have primarily been concerned with preschool-age children, with few outcome data available from children older than approximately 11 years. Cell sizes for OME and control groups have ranged from small groups of fewer than 10 children to large groups numbering several hundred children. Participant populations have reflected a variety of sampling methods, sociodemographic characteristics, and diagnostic classifications. OME status has been documented or estimated from many sources (primarily parental reports, medical records, and school reports) and assessment methods (primarily tympanometry, otoscopy, and history of insertion of pressure equalization tubes).
Findings
The right-most two columns in Table 1 indicate statistically nonsignificant and significant speech findings in these 27 studies. Two conclusions, based respectively on tallies for each column and methods in these studies, are that (a) there is limited evidence for a strong correlative association between early OME and concurrent or later speech disorder, and (b) there is no evidence for a direct causal association between OME and speech disorder. A total of 17 studies (63%) yielded negative findings (i.e., failure to reject a null hypothesis of no statistically significant speech difference associated with OME), whereas 21 studies (78%) yielded at least one statistically significant finding associating OME with deficits in one or more speech variables. Thus, 10 studies reported both negative and positive findings.
Methodological Critique
Critiques of the internal and external validity of the statistically significant findings in Table 1 , as well as of findings in many other studies of OME and language, learning, and behavioral variables, primarily have focused on otologic, audiologic, and language-learning issues (e.g., Kavanagh, 1986; Lous, 1995; Paradise, 1997; Roberts, Wallace, & Henderson, 1997) . General conclusions Speech errors x G-F (total score) x patients with and tympanometry OME duration OME duration w/o OME before age 3 before age 3 (Shriberg and Smith, 1983 are that no one study has assembled the appropriate methods in all relevant domains to test whether early, frequent otitis media with effusion is a risk factor for speech disorder. Detailed examination of the 27 speechotitis studies in Table 1 suggests that differences among findings are likely associated with the complex of designs and methods used to address the question of OME as a risk factor for speech disorder.
The first source of support for this claim is the evidence shown in the lengthy set of footnotes for Table 1 , expressly included to underscore differences in method across the 27 studies. These often crucial details have generally been lost to prior summative reviews. A second source of support for the claim of significant methodological diversity are findings from a comparative analysis of the 27 studies. Analysis of studies that yielded at least one significant finding versus those yielding at least one nonsignificant finding (thus some studies appeared in both groups) indicated that there was no one design or method variable that was clearly associated with significant or nonsignificant findings. Specifically, studies reporting at least one statistically significant finding were not more likely (a) to have used a particular research design (e.g., prospective, case-control), (b) to have included significantly more participants in the OME+ group (sample sizes averaged approximately 31 participants for both OME+ and OME-groups), (c) to have differed on the age at which outcomes were measured, or (d) to have used tympanometry versus otoscopy to validate the comparison group. Finally, of specific interest in the present context, studies reporting at least one significant finding were not more likely to have used a particular method for speech sampling (e.g., articulation tests, conversational speech samples) or speech analysis (e.g., percentage consonants correct, phonological process analysis).
Modeling the Short-Term and Long-Term Sequelae of OME
Applied perspectives on otitis-speech research concerns the time course of effects and effect size. The shortterm and long-term consequences of OME for speechlanguage development might be posited to range from clinically insubstantial to clinically substantial involvement. In addition, moderating or mediating variables (cf. Baron & Kenny, 1986) include the age at onset; degree and duration of each episode; comorbidity with other disorders; and preventive, mitigating, or exacerbating environmental factors. Accordingly, speech production errors could be described as falling along a continuum of subclinical to clinical deficits for certain target sounds or subsets of sounds and on more global constructs such as intelligibility. Difficulties developing stable phonological representations might in turn be posited to have short-term or long-term consequences for rate and type of development in other linguistic and psychosocial domains. Specifically, what manifests as mild (i.e., subclinical) speech differences at one stage of phonological development might be causally associated with greater involvements in the same or other linguistic domains at later periods of development (i.e., transitive or "downstream" effects).
One explanatory route for downstream effects of early OME is direct association between the phonological deficit and the deficit in another domain. For example, unstable underlying representation of /h/ might lead to difficulties learning the pronoun system (e.g., he, him, his, her). Alternative indirect or mediated pathways invoke the cognitive-linguistic styles of information processing that may be engendered by the unstable speech signal, including inattention to the acoustic and visual cues in verbal learning (e.g., Feagans, Sanyal, Henderson, Collier, & Applebaum, 1987) . Bishop and Edmundson (1986) provide an instructive perspective on effect size, mediation, and long-term sequelae:
It is often assumed that the 14 to 40 dB hearing loss associated with otitis media (Bess, 1983) is not severe enough to affect language development. Yet this degree of hearing loss can impair speech discrimination (Dobie & Berlin, 1979; Mustain, 1979 ). Even if a child can discriminate speech sounds in a test situation, we cannot assume that the hearing loss is irrelevant for language learning. Rabbitt (1968) showed that if normal adults were asked to repeat a message, recall of the first part of the message was hampered if the second part was presented through white noise: the additional effort needed to listen to a noisy message seemed to use up so much concentration that they forgot the earlier part that had been heard clearly. The implication is that if one has to concentrate hard to perceive a degraded signal, then capacity for deeper language processing is reduced, so that a hearing loss that is not severe enough to affect ability to perceive language may nevertheless impair comprehension. (p. 322) Roberts (1997) , invoking concepts from dynamical systems theory, elaborates on Nozza's (1988) claim that even small disruptions of hearing may have amplified effects early in development:
First, even mild hearing loss (average Sound Awareness Threshold = 16 dB) occurring periodically over time may have a measurable adverse effect on categorical responding by infants under specific input conditions....This position is consistent with the general principle of dynamic systems that small changes in relevant contextual variables, particularly during transition periods, can result in dramatic changes in system behavior (Kelso, 1995; Thelen & Smith, 1994). (p. 514) 
Summary and Overview of Research Design
There currently is no consensus on the question of whether early, frequent otitis media with effusion is a risk factor for speech disorder. Moreover, as reviewed in the companion paper, no study to date has provided a descriptive-explanatory account linking early OME with or without measures of hearing loss to later speech delay.
Rationale for the present report is based on the recent availability of a suite of speech metrics and lifespan reference data (Shriberg et al., 1997a (Shriberg et al., , 1997b ) that can be used to address the question of whether a history of significant otitis media with effusion places a child at increased risk for speech disorder. As reviewed in the following section, three databases assembled in the 1980s were available for this purpose. The two study samples in the present paper were a retrospectively sampled cohort of 35 typically developing children followed in a pediatrics clinic and a retrospectively sampled group of 50 children of Native American background followed in a tribal health clinic. Preliminary findings have been reported for all children in the pediatrics clinic sample (Shriberg, Kwiatkowski, Block, et al., 1984) and for 28 of the 50 children of Native American background (Shriberg, 1987; Thielke & Shriberg, 1990) . Although these two data sets collected over a decade ago did not allow use of prospective assessment and lack information on children's hearing, they met methodological needs for studying early otitis media as a risk factor for speech delay. The primary purpose of the following paper in this series, which includes information on both otitis media and hearing, was to cross-validate risk findings in the present paper and to model associations among early otitis and hearing loss and later speech outcomes. A forthcoming report of a collaborative project will extend the findings in these reports, using data from a large epidemiologic study of children whose OME and hearing status were monitored from 2 months of age.
The research design for these studies is considered to successfully address four speech measurement constraints and one analysis constraint in prior OME speech studies. In the two retrospective studies to follow (a) speech samples were obtained from natural conversation, not from imitated or spontaneously evoked word or sentence tasks; (b) speech data were reduced using narrow-phonetic transcription, not by correct/incorrect scoring using broad-phonetic transcription; (c) speech acquisition was assessed with multiple metrics sensitive to different structural levels of phonology, not by one single index of speech competence; (d) statistical comparisons included information on subclinical-level involvement as well as clinical involvement; and (e) risk analysis techniques were used to provide clinically relevant quantitative estimates of the potential effects of early OME on productive speech.
Method Study 1: Pediatrics Clinic Cohort
Participants Classification. A computer search of records in a university-affiliated general pediatrics clinic in 1983 identified a cohort of 67 3-year-old children who had been followed at the clinic since birth. All children were from monolingual American-English-speaking homes and were free of major medical or psychosocial involvements. None of the children had received or been referred for speech-language services.
Under the direction of author MLK, a pediatrician at the clinic during this period, children's otologic histories were constructed from physician entries indicating episodes of otitis media, middle-ear effusion, retracted tympanic membrane, liquid behind the tympanic membrane, or resolving otitis media. The goal was to chronicle the duration of each episode of otitis media. Fourteen days were allowed for each reported episode of otitis media in one or both ears unless abnormal return visits occurred; in this event, the exact number of days of involvement was noted. This criterion was established by the pediatrician to coincide with antibiotic regimens and return visits. The procedure is conservative in relation to that of Teele, Klein, Rosner, and The Greater Boston Otitis Media Study Group (1984) , who allowed 29 days for each episode of otitis media. Contact letters and follow-up phone calls to caregivers of the 67 children yielded a 52% sample of 35 children volunteered by their caregivers for a 2.5-hour test session to be conducted at the university hospital.
Description. The gender distribution in the volunteered sample, 18 (51%) boys and 17 (49%) girls, was proportional to the distribution of boys (52%) and girls (48%) in the total pediatrics clinic cohort. Mean age at testing was 3 years 8 months, with a standard deviation of 3.5 months. The 35 children came from parents with relatively high educational backgrounds; approximately 50% of the children had one or two parents who had completed a graduate degree. Although formal data on race/ethnicity were not obtained, examiner impressions of children and caregivers were that all participants assessed were white, from at least middle-class backgrounds, with General American dialects (including some regularized Wisconsin vowel changes).
Children's case records indicated from 0 to 58 total weeks of middle-ear involvement during the first 3 years of these children's lives. Most OME involvement occurred between 6 and 24 months of age. Plots of the mean weeks of middle-ear involvement from birth to 3 years also indicated comparable percentages of involvement for participating children compared to the total cohort. Thus, all comparisons supported a conclusion that the 35 volunteered children were representative of the total cohort of 67 children.
For the analyses to follow, the 35 children were assigned to one of two groups: OME+ or OME-. By age 3 years the 19 children in the OME+ group had more than 6 weeks of involvement and the 16 children in the OMEgroup had 0-6 weeks of involvement. The latter criterion for typical OME histories, equivalent to three or fewer episodes, is consistent with current methodology in OME research (e.g., Roberts, Gravel, Schwartz, Dollaghan, & Campbell, 1998) . These two groups formed the Total group comparisons, which include all children in each study. Two other groups, termed OME severity subgroup comparisons, were constructed; they consisted of subsets of children selected by their severity of OME involvement. In Study 1, 9 children who had at least 18 weeks of involvement were included in the OME+ severity subgroup. The range of involvement was 18 to 58 weeks (M = 26.4, SD = 12.8). A comparison OME-group was assembled of 9 children with 0 to 2 weeks of involvement (M = 1.1, SD = 1.1). Table 2 includes descriptive data for Study 1 children, as well as for children in the other study group (Study 2) to be reported. As shown in the data columns for Study 1, Total group and OME severity subgroup, the two middle-ear involvement subgroups did not differ significantly in composition by gender or age. Three years of age might be considered too early to assess potential long-term effects of OME on speech, language, and learning domains. However, this age is maximally sensitive to the effects of OME on speech production before uncontrolled sources of normalization in older children obscure relevant error patterns. None of the Study 1 children in either group had received or been referred for speech-language services.
Otologic, audiologic, and language characteristics. All testing was conducted by two experienced speech-language examiners and the pediatrician, each of whom was unaware of a child's OME history. The two speech-language pathologists were randomly assigned to test approximately half of the children; the pediatrician examined all of the children. Each speechlanguage pathologist completed all tests in one of two sound-proof booths. The protocol included a standard examination of the oral mechanism, pure tone threshold testing at 500, 1000, and 2000 Hz (ANSI, 1969), acoustic-immittance measures (Grayson Stadler Auto Tymp 28), and clarification and discussion of items on a standard case history form completed by the caregiver.
On otoscopic examination, 87% of the OME-children had at least one otoscopically normal ear, compared to 67% of the OME+ children, but the difference was not statistically significant [χ 2 (1, N = 33) = 1.782, p > .05]. The two groups did not differ by pure tone averages for Table 2 . Gender and age characteristics of children with (OME+) and without (OME-) histories of OME in Study 1 and Study 2, including information on OME severity subgroups assembled for additional analyses. (Miller & Yoder, 1984) , Illinois Test of Psycholinguistic Abilities Grammatic Closure Subtest (Kirk, McCarthy, & Kirk, 1968) , an elicited-sentence procedure used to assess syntax, and a 5-min conversational sample used to compute mean length of utterance. Additional details on the language measures are available in Kertoy and Shriberg (1984) .
Study 2: Children of Native American Background
Participants in the second study were 50 monolingual American English-speaking children of Native American background living on the Menominee Indian Reservation in Wisconsin. The prevalence of OME is high among Native Americans (Raymond, Garcia, & Scheib, 1993; Stewart, 1986; Toubbeh, 1985) , particularly in this tribe (Goinz, 1984) . A total of 28 of the children were those described in Thielke and Shriberg (1990) . A second group of 22 children were added to this group to increase the sample size. The following sections describe the sampling and assessment procedures for the two subsamples.
First Subsample (n = 28)
Classification. A two-phase procedure was used to classify the otitis media histories of each of the 140 3-to 6-year-old children who were enrolled in the Head Start program on the Menominee Reservation in 1986. All 140 children were monolingual American English speaking and from similar socioeconomic backgrounds reflecting the 90% disadvantaged criterion required for Head Start placement on the reservation. Examiner impressions indicated that all eventual participants spoke General American dialect (including some regularized Wisconsin vowel changes).
First, Head Start student health and educational records were reviewed in consultation with the Health Coordinator and the Education/Handicapped Coordinator. Children who met one or more of the following criteria were eliminated from the pool of participants: suspected or diagnosed as having developmental disabilities, had not received recommended correction for vision problems, and had not received medical care at the tribal health clinic. This phase eliminated 22 potential participants, reducing the candidate pool to 118.
Second, records of hearing screenings from three sources were inspected: routine school screenings, records from a special Childhood Audiology Project operating in a 2-year period before the intended study, and pediatric procedures in the tribal health clinic. The special project had screened children's hearing on a quarterly basis (see Thielke, 1988, pp. 35-37 , for complete description of otoscopic, audiologic, and impedance measures used in this project). The medical records at the tribal health clinic were reviewed in detail to tally the occurrence and types of middle-ear disease observed in well-baby examinations, medical treatments for specific illnesses, audiological evaluations, and referrals for suspected otitis media. A diagnosis of acute otitis media was based primarily on pneumatic otoscopy, and a diagnosis of otitis media with effusion was based on tympanometry. Records indicated that 80% of the diagnoses and treatments were provided by the same physician.
The goal of the two-phase classification procedure was to select approximately 30 children for testing who would differ maximally by OME history and be best matched in gender, age, place of residence on the reservation, and history and type of educational intervention services received before and during attendance at the Head Start program. The last variable included participation in an infant-stimulation program for children under age 3 years. Additional details on all phases of the records search are provided in Thielke (1988, pp. 37-40) . The medical records review yielded a rank-ordering of the 118 children in terms of severity and chronicity of OME episodes, including chronological data establishing absence or presence of otitis media. From this list a total of 28 participants were eventually assigned to two groups of 14 participants each. The number of medical treatments for middle-ear disease for the OME+ group ranged from 6 to 23, whereas histories for children in the OME-group included 0-1 medical treatments. The average months of educational intervention services received by the 14 OME+ children (M = 4.4 months, SD = 9.6) and the 14 OME-children (M = 2.6 months, SD = 3.2) in the first Study 2 subsample were not significantly different [F(1, 26) = .15, p > .05]. OME severity subgroups were also assembled for these 28 children. Their medical records allowed this level of detail, which was not possible for the 22 children (to be described) added to constitute the Total group. As shown in the Total and OME severity subgroup comparisons in Table 2 , OME+ and OME-subgroups assembled for the speech analyses did not differ significantly in gender or age.
Assessment. Two experienced examiners administered an assessment protocol to the 28 children in three sessions within a 2-week period. In the first session, an audiologist obtained audiologic and acoustic-immittance data. In the second and third sessions, a speech-language pathologist completed the remainder of the protocol, including the Photo Articulation Test (Pendergast, Dickey, Selmar, & Soder, 1969) , a 10-to 15-minute conversational speech sample following the procedures described in Shriberg and Kwiatkowski (1980) , the Peabody Picture Vocabulary Test-Revised, Form M (Dunn & Dunn, 1981) , and subtests 5 and 6 from the Test of Auditory Comprehension (Trammel, 1977) . Scores on the performance subtest of the Wechsler Pre-School and Primary Scale of Intelligence (Wechsler, 1967) , which had been administered for other purposes by a school psychologist, were available for 18 of the 28 participants. The conversational speech samples were obtained and transcribed by two research transcribers using the same model recorders and recording techniques as used in Study 1. (1, N = 28) = 4.76, p < .05] tests computed for both ears for each participant. Participants in both groups failed the pure tone screening at 15 dB HL; however, all passed at 25 dB HL, with nonsignificant differences between the groups [χ 2 (1, N = 28) = 0.7, p > .05] computed on a pass/fail criterion for both ears for each participant. There were no statistically significant differences between the two middle-ear status groups in nonverbal intelligence [F(1, 26) 
Second Subsample (n = 22)
In 1990 and 1991, conversational speech samples from 22 children assessed by the speech-language pathologist who tested the first group of children were added to this database. Before speech sampling, the examiner (author HT) for the original study spent 2 days visiting and interacting in play activities with a group of approximately 145 children attending the Head Start program at two sites on the reservation. As an associated goal of these visits was to obtain normative data on a group of speech-language measures, all children who had received speech-language services or had been referred for any exceptional education need were eliminated from further consideration. The remaining children were then randomly asked to participate in the normative study; data for the present study were obtained from the children who volunteered to come to the examiner's room to talk about pictures.
When samples from a total of 22 randomly selected children were collected for the purpose of the present study, using the same speech assessment protocol as used in the prior study, the examiner conducted a thorough review of subject records in the tribal health clinic. The record review included information on the 22 children's health and developmental history, vision and hearing screenings, physical examinations, and teacher progress reports. These data indicated that five children had OME histories consistent with histories of children classified as OME+ in the first subsample, with the remaining 17 children classified as OME-. All speech sampling and transcription instrumentation and procedures were similar to those reported above. As shown in Table 2 , there were no statistically significant differences in the gender or age composition of the 19 OME+ and 31 OME-children constituting the Study 2 Total group.
Speech Measurement

Procedures
A conversational speech sample was obtained for each child in each of the two studies following procedures described in Shriberg and Kwiatkowski (1980) . The 10-to 15-min conversational samples, including at least 70 utterances and 90 word types, were used for both speech and language analyses. Sony 5000 audiocassette recorders, matching external microphones, and highquality audiocassette tapes were used, with microphoneto-mouth distance monitored at approximately 15 cm. Although Study 1 recording was accomplished in a sound-proof booth and Study 2 samples in a quiet room, both recording contexts yielded tape recordings with excellent signal-to-noise characteristics.
Using Dictaphone Model 2550 transcription devices, two of the authors (Study 1) and two other experienced transcribers (Study 2) transcribed all samples following a system of narrow-phonetic transcription and conventions developed for research in child phonology (Shriberg & Kent, 1982; Shriberg, Kwiatkowski, & Hoffmann, 1984) . The transcribers were blind to all children's OME status. Samples were formatted for computer analysis using enhancements to the PEPPER system (Shriberg, 1986 (Shriberg, , 1993 . The program provided scores on each of the 10 measures of articulatory competence described in Shriberg et al. (1997a) . Nine of the 10 speech metrics treat articulatory competence as a criterion-referenced continuous trait, with a score of 100% on a metric reflecting maximum competence. The 10th measure provides a categorical classification of a child's speech status using a hierarchical polychotomous typology (cf. Shriberg, 1993; Shriberg & Austin, 1998; Shriberg et al., 1997b) .
Measures
The 10 speech measures are defined and calculated as follows.
1. The Percentage of Consonants Correct (PCC) is a measure of the percentage of intended consonants produced correctly, with all deletions, substitutions, and clinical distortions (cf. Shriberg, 1993 , Appendix) counted as incorrect. Subscales for consonants divided into three developmental sound classes-termed the Early-8, Middle-8, and Late-8 consonants-are available for the PCC (as well as for the PCC-A, PCC-R, and PCI described below). Percentage calculations for the three subscales are completed in the same way as described for the Total score on the PCC. The developmental sound class subscales provide measurement sensitivity to consonant sounds that children with significant speech disorder usually (Early-8), sometimes (Middle-8), and seldom (Late-8) articulate correctly.
The Percentage of Consonants Correct-Adjusted
(PCC-A) is calculated in the same way as the PCC, except that five speech-sound distortions termed the common clinical distortions (cf. Shriberg, 1993, Appendix) are scored as correct.
The Percentage of Consonants Correct-Revised
(PCC-R) is also calculated in the same way as the PCC, except that all clinical distortions are counted as correct.
Notice that these two alternatives to the PCC-the PCC-A and PCC-R-are sensitive to differences in age and speech characteristics of different speaker groups. Briefly, the PCC-A nullifies the attenuation of true differences in speech competence among speakers by removing the contribution of common clinical distortions to the numerator in the competence calculations. Similarly, the PCC-R nullifies the attenuation effects of all speech-sound distortions on the measurement of competence, reflecting only the percentage of speech-sound deletions and substitutions.
The Percentage of Consonants in Inventory (PCI)
is a measure of the percentage of the 24 consonants that are articulated correctly at least once in conversational speech (cf. Shriberg et al., 1997a , for computational procedure).
The Percentage of Vowels/Diphthongs Correct
(PVC) is calculated in the same way as the PCC, reflecting the percentage correct of all intended American English vowels and diphthongs.
6. The Percentage of Vowels/Diphthongs CorrectRevised (PVC-R) is calculated in the same way as the PCC-R, with all distortions of vowels and diphthongs scored as correct. (PPC) is calculated in the same way as the PCC and PVC, combining the two values to yield one score reflecting articulatory competence on all English phonemes.
The Percentage of Phonemes Correct
The Percentage of Phonemes Correct-Revised
(PPC-R) is calculated in the same way as the PCC-R and the PVC-R, providing a score that reflects only deletion and substitution errors on all consonants and vowels/diphthongs in the speech sample.
9. The Intelligibility Index is derived from the percentage of child-intended words in the conversational speech sample that the examiner and/or transcriber could gloss. The Intelligibility Index reflects a best-case estimate of a speaker's intelligibility, because the sampling procedures require the examiner to provide a verbal gloss of each utterance on the tape and because transcribers are encouraged to use multiple playbacks to attempt a gloss of difficult strings.
10. The 10th speech measure computed for all children was status on the Speech Disorders Classification System (SDCS; Shriberg, 1993; Shriberg et al., 1997b) . The SDCS program sorts a transcript of a conversational speech sample into one of several age-relevant clinical classifications, including for the present speakers (a) Normal (or Normalized) Speech Acquisition (NSA); (b) Normal (or Normalized) Speech Acquisition/Speech Delay (NSA/SD), an intermediate classification between normal and delayed speech; and (c) Speech Delay (SD). The SDCS program assigns classifications by tallying all speech errors in a transcript and, using a series of validity and reliability conventions (Shriberg et al., 1997b) , comparing those errors to a table of developmental data assembled from the child phonology literature (cf. Shriberg, 1993, Appendix) .
Transcriber Agreement
Point-by-point percentage of agreement data for the transcribers involved in these studies have been reported in detail, including information on broad-and narrowphonetic transcription of consonants and vowels/diphthongs (McSweeny & Shriberg, 1995) . For a representative sample of 32 conversational speech samples, interjudge percentage of agreement for consonant transcription ranged from 90.0% to 95.1% (broad transcription) and from 73.9% to 85.3% (narrow transcription); for vowels/diphthongs, the range was 85.7-97.3% (broad transcription) and 71.2-85.3% (narrow transcription). Standard error of measurement estimates for the first nine speech measures above have also been reported, averaging 1-3 percentage points for the total scores and 3-6 percentage points for the consonant subscales (Shriberg et al., 1997a, Table 3 ). Prior estimates of the reliability of intelligibility index findings indicate intrajudge and interjudge agreement ranging from approximately 70% to 100%, depending greatly on a host of subject and sampling issues (cf. Kwiatkowski & Shriberg, 1992; Shriberg et al., 1997b; Shriberg & Kwiatkowski, 1980 Weston & Shriberg, 1992) .
Results
Statistical Approach
Psychometric review of the speech measures data (e.g., cell sizes, skew and kurtosis, standard deviation ratios, correlations between means and standard deviations, percentage of 100% scores) suggested that these data did not always meet assumptions for parametric analyses. Therefore, means and standard deviations were used for descriptive statistics, but nonparametric Wilcoxon-Mann-Whitney rank order statistics (Siegel & Castellan, 1988) were completed for all between-group comparisons when measures were treated as continuous variables.
The large number of statistical tests within and across questions requires a rationale for setting the alpha levels required for statistical significance. Given the theoretical and applied goals, it was considered equally important to avoid both Type I and Type II errors. Rather than using arbitrary family-wise criteria to set significance levels (i.e., Bonferroni corrections), the decision was to acknowledge all obtained p values at the .05 level or less as statistically significant and to seek replicated findings across analyses and dependent variables. Lahey and Edwards (1995) provide a well-reasoned rationale for using an even more liberal alpha level of .10 in a study with similar measurement constraints and descriptiveexplanatory goals. Lahey and Edwards argue as follows:
This study is exploratory in nature and is meant to generate rather than to test hypotheses. Because of this, we have reported all probability levels, allowing the reader to judge whether differences noted are worthy of further exploration....By setting the alpha level at such a high value, we decrease the likelihood of missing differences that may be worthy of future study. (p. 644) Table 3 includes descriptive and inferential statistics comparing children in each of the OME status groups in Study 1 and Study 2 on each of the nine quantitative speech indices. For each study, data are summarized for two analyses, the Total group comparisons and the OME severity subgroup comparisons. Power estimates for all Wilcoxon-Mann-Whitney median comparisons were obtained with the software program PASS (Hintze, 1996) , which uses an approximation of the 2-sample t test in which the sample size is adjusted as suggested by Al-Sunduqchi (1990) . A normal distribution was assumed, which resulted in a sample size adjustment factor of n/(π/3). Power values reflect 1-Beta, with Beta being the risk of a Type II error. Power values for Study 1 ranged from .58 to .05 indicating that, given the effect sizes observed and the sample sizes used, the risk of a Type II error ranged from 42% to 95%. For study 2, with larger sample sizes, power values ranged from .87 to .09, indicating that the risk of a Type II error ranged from 13% to 91%.
Between-Group Analyses
Beginning with the Study 1 results in Table 3 , none of the Total group comparisons for the nine speech metrics and their subscales (total = 20 comparisons) was statistically significant at the .05 alpha level. For the Study 1 OME severity subgroup comparisons, 3 of the 20 comparisons (15%) were statistically significant. Children with the most severe OME+ histories scored significantly higher than children with essentially no histories of OME (OME-) on the PCC Early-8 (p = .025), PCC Middle-8 (p = .028), and PCC-A Middle-8 (p = .029) consonants. Other than chance occurrence, there is no explanation for these counterdirectional findings.
For Study 2, 12 of the 20 Total group statistical comparisons (60% of the tests) indicated that the speech of children with OME+ histories was significantly less articulate than the speech of children with OME-histories. Similar directional findings were obtained for the OME severity subgroup comparisons, for which 9 of the 20 comparisons (45%) indicated significantly less articulate speech in the subgroup of children with the most severe OME+ histories. As each of the measures reflects a different perspective on speech competence, the findings in Table 3 , Study 2, for Total group children are summarized in the following six paragraphs.
1. Consonants correct in conversational speech. For the Study 2 Total group analyses, as shown in Table 3 , PCC scores for the OME+ group averaged exactly 5 percentage points lower than scores for the OME-group (80.6% and 85.6%, respectively) (p = .024). Thus, children in Study 2 with OME+ histories had fewer consonants correct in conversational speech when speech errors are defined as deletions, substitutions, and distortions of consonants. Between-group differences were in the same Table 3 . Speech comparisons for children with (OME+) and without (OME-) histories of OME in two retrospective cohort studies (Study 1, Study 2). In each study, between-group comparisons are presented for total groups and for a subgroup of children with the most and least severe OME histories. direction for the OME severity subgroup comparisons, but the approximately 4-percentage point difference for these fewer participants was not statistically significant (p = .103). Table 3 , Study 2, children with OME+ histories had significantly lower scores on the PCC-A Late-8, PCC-A Total, PCC-R Late-8, and PCC-R Total in both the Total group comparisons and in the OME severity subgroup comparisons. These findings indicate that children in Study 2 with OME+ histories had significantly more consonant deletion and substitution errors than the children with OME-histories. Recall that in comparison with the PCC, the PCC-A scores common clinical distortions as correct and the PCC-R scores all clinical distortions as correct. Table  3 , the PCI, is an index of the percentage of the 24 English consonants that were attested as in a child's phonetic inventory when sampled in conversational speech. The statistically significant differences in PCI Total scores for the Total group comparisons, as well as in the PCI Middle-8 and PCI Total for the OME severity subgroup comparisons, indicate that Study 2 children in the OME+ group had less well-developed consonant inventories than children with OME-histories.
Consonant deletion and substitution errors. As shown in
Consonant inventories. The fourth metric in
4. Vowel/diphthong errors. The significant betweengroup difference on the Total group PVC comparison indicates that Study 2 children with OME+ histories had lower vowel/diphthong accuracy in conversational speech than children with OME-histories.
5. Vowel/diphthong substitution errors. The significant between-group differences on the PVC-R in both the Total group and OME severity subgroup comparisons indicate that Study 2 children with OME+ histories made significantly more vowel/diphthong substitution errors (for technical reasons, vowel deletion errors are excluded from this analysis).
Note that the statistically significant findings described in 1, 2, 4, and 5 above are reflected also in findings for the PPC and PPC-R comparisons, which index articulation competence on both consonants and vowels/diphthongs. As shown in Table 3 , Study 2 children with OME+ histories had significantly lower PPC scores in the Total group comparison and significantly lower scores on the PPC-R on both the Total group and OME severity subgroup comparisons.
6. Intelligibility. Finally, as shown in the bottom row of Table 3 , Intelligibility Index percentages were significantly different for both the Total group and the OME severity subgroup comparisons. Compared to children with OME-histories, Study 2 children with OME+ histories had significantly fewer words that were intelligible to the examiner and/or transcriber.
Individual Risk Analyses
The preceding analyses assessed group-level differences on speech measures treated as continuous variables. An alternative approach used in epidemiologic and other public health research is to treat disorder as a qualitative variable, using criteria to classify each individual as affected or not affected. As described previously, the 10th speech measure, the Speech Disorders Classification System (SDCS), classifies a child as normal (i.e., Normal [ SD] ). Procedures were also needed to classify children as normal, subclinical, or clinical on each of the other nine speech metrics. The following three sections describe how this was accomplished, the procedures used for risk analyses, and an estimate of the validity of the classification methods.
Classification of Children on the Nine Speech Measures
Classification of children on each of the nine speech measures and their subscales was accomplished using lifespan reference data (means, standard deviations) for each metric for boys and girls at each age from 3 to 8 years (Austin & Shriberg, 1996) . The reference database, including files for 321 children in this age range (170 boys, 151 girls), was assembled from conversational speech samples from several Midwestern cities, with all children meeting criteria for normal or normalized speech acquisition on the SDCS (Shriberg, 1993; Shriberg et al., 1997b ).
The first step in the classification procedure was to calculate z scores for each of the nine speech measures for all participants in Study 1 and Study 2 using the appropriate Age × Gender means and standard deviations. The second step was to determine the cutoff criteria for z scores to sort all children into three groups: normal speech, subclinical disorder, and clinical disorder. Three considerations influencing the cutoff criteria were (a) the magnitudes of the standard errors of measurement for each of the nine metrics (Shriberg et al., 1997a) ; (b) rationale proposed in several epidemiologic (Tomblin, Records, & Zhang, 1996) , genetics (Lahey & Edwards, 1995) , and comorbidity (Shriberg & Austin, 1998 ) studies addressing z score cutoff criteria for Specific Language Impairment (SLI); and (c) an examination of the distribution of z scores in the present data. As in each of the studies just cited, definition of clinical and subclinical speech disorder for the Total group analyses in the present study used more stringent cutoff criteria than the customary criterion of one standard deviation or greater below the mean performance for each gender by age. The primary rationale for setting more stringent cutoff criteria was that the reference data reflected the range of performance of children whose speech was classified as normal (NSA) by the 10th speech measure, the SDCS. Thus, the standard deviations in the reference data reflected the variability of normal scores, not the variability of scores in a sample of a population including persons with the disorder. Accordingly, the criterion for subclinical disorder for the Total group analyses was a z score from -1.3 to -1.9. That is, scores of 1.3 to 1.9 standard deviation units below the mean of children with normal speech are approximately equivalent to the 9.7 to 2.3 percentiles of the reference group. The criterion for clinical disorder for the Total group analyses was a z score of -2.0 or below, which corresponds to scores at or below the 2.3 percentile of the reference data of children with normal speech.
Relative Risk Ratio and Odds Ratio Analyses
Relative risk ratio and odds ratio analyses are two model-free methods that are well suited to the task of assessing the risk of clinical or subclinical speech disorder in children with histories of OME (cf. Kahn & Sempos, 1989; Khoury, Beaty, & Cohen, 1993) . It is important to describe the conceptual and operational differences between the two ratios, both of which are used in the following risk estimate analyses.
Relative risk ratios express the risk of a disease or disorder for persons exposed to a specified risk factor relative to the risk of a disease in unexposed persons. In the present data, the sampling and selection procedures used in Study 1 and for the original subsample of 28 children in Study 2 qualify for relative risk analyses because each of the children in these cohorts was classified by exposure history (i.e., OME+ or OME-). The relative risk ratio thus expresses the percentage of children exposed to the risk factor (OME+) who are affected with a disease (speech disorder) compared to the percentage of nonexposed, affected children. A relative risk of 1 reflects no difference in percentages, whereas departures from 1 indicate decreased (i.e., protective) or increased risk for disorder with exposure. In the present study, 95% confidence limits were used to estimate the lower and upper boundaries for the relative risk ratios (and odds ratios; see below). Confidence intervals represent the range within which the true magnitude of effect lies with a certain degree of assurance. The width of the confidence interval indicates the amount of variability inherent in the estimate of risk and thus the effect of sample size.
Odds ratios are an alternative to relative risk ratios in case-control designs or cross-sectional studies in which the participants do not constitute one true cohort.
Odds ratios also express the risk associated with exposure to disease, but they do not have the predictive power associated with relative risk ratios because they are not based on outcomes for a cohort. In the present study, odds ratios were used as estimates of the risk for speech disorder associated with OME histories for the 18 children constituting the OME severity subgroup in Study 1 and the 50 children making up the combined Total group for Study 2.
Validity of the Classification Methods
Rationale. Table 4 is a summary of the risk ratio analyses for children in the Total groups and OME severity subgroups in Study 1 and Study 2. A validity estimate for the speech classification procedures can be obtained by inspecting the percentages of OME-children in each study (i.e., the "controls") who are classified as having clinical involvement on each of the nine speech measures. Prevalence estimates for speech disorder in preschool children can be used to set the expected liability (prevalence rate) for speech disorder in the groups of children with OME-histories. However, there are several sociodemographic characteristics of the present samples that might be associated with a higher-thanexpected prevalence of clinical disorder in the two OMEgroups. First, a higher prevalence of clinical disorder might be expected in Study 1 because all of the children are 3 years old at the lowest end of the preschool age range. That is, prevalence should be higher in the youngest age group because a child with speech disorder had little opportunity to normalize. Second, higher prevalence rates for speech disorder also might be expected for the OME-children in Study 2 because of sociodemographic factors. As described previously, all OME+ and OME-children in Study 2 were attending a Head Start program on the reservation. Finally, higher prevalence rates in both studies might be expected because the present study used conversational speech and more finegrained transcription than the articulation tests and broad transcription used in available prevalence studies. It is not possible to assess the validity of the cutoff points for subclinical involvement because there are no prevalence estimates that are conceptually similar to this view of disorder as a semicontinuous trait (i.e., as indicated above by the classification NSA/SD; cf. Shriberg, 1993) .
Findings. Support for the validity of the z score cutoff criteria used to classify a child as affected on each of the nine speech metrics, their subscales, and the SDCS is based on comparison of the resulting percentages to the unconditional expected prevalence of speech disorder, plus the four considerations reviewed above. The most widely cited estimate of the prevalence of clinical Table 2 provides ns for the OME+ and OME-subgroups for Study 1 and Study 2. Risk is estimated by relative risk (RR) for Study 1: Total group and Study 2: OME severity subgroup, and odds ratio (OR) for Study 1: OME severity subgroup and Study 2: Total group. b SDCS = Speech Disorders Classification System. NSA vs. NSA/SD and SD. See Table 3 for other measure abbreviations.
c RR and OR cannot be calculated when none of the OME-children is affected. In those cases, risk is estimated by adding 0.5 to the counts for each cell and calculating the odds ratio. Confidence limits are estimated as ( ) (Kahn & Sempos, 1989). d Power cannot be calculated.
*risk significantly greater than 1.
speech disorder in preschool children is 3-5% (Leske, 1981; Winitz & Darley, 1980) , but a recent prevalence study of 1,328 6-year-old children estimates its prevalence at that older age at 3.8% (Shriberg, Tomblin, & McSweeny, 1998) . Using preliminary normalization data, Shriberg, Tomblin et al. (1998) estimate that prevalence of speech delay at exactly 3 years of age may be as high as approximately 14%. For the OME-children in the present two studies, the prevalence of clinical or subclinical disorder ranged from 0% to 38%. As shown in Table 4 , 28 of the 42 (67%) estimates for the Total groups were 13% or lower. Given that both subclinical and clinical disorder are included in these estimates, together with the four moderating factors that would increase the prevalence of speech disorder in these children, these data are interpreted as providing strong validity support for the cutoff score criteria used to classify children for the risk estimate analyses.
Risk Estimate Findings
The findings in Table 4 provide information on the increased risk for subclinical or clinical speech disorder in children with OME+ histories. All analyses were completed using the STATCALC module in the Epi Info program (Dean et al., 1995) , which provided risk estimates and 95% confidence limits for the risk estimates. Confidence intervals not including 1 are statistically significant. Power estimates calculated as previously described are also included for each analysis.
Beginning with the data for children in Study 1, there were no statistically significant findings indicating increased risk for speech disorder in children with OME+ histories in either the Total group or OME severity subgroup analyses.
In Study 2, the Total group analyses yielded nine statistically significant increases in the risk for subclinical or clinical speech disorder in children with OME+ histories. These findings were obtained on the total and/or subscales of 5 of the 10 different speech metrics. Significantly increased risk for lowered performance on these five metrics for children with OME+ histories ranged from 3 times the risk of children in the OME-groups (OME severity subgroup analyses: PCA-Total: CI = 1.02-8.80 and PPC-R: CI = 1.02-8.80) to 10.71 increased risk (Total group analyses: PCC-Total: CI = 1.01-523.12 and PPC: CI = 1.01-523.12). As indicated by the width of the confidence level and the power estimate, the precision and stability of some of these estimates is not high. The percentage of children with OME+ histories classified as having subclinical or clinical disorder (i.e., "affected") in these statistically significant comparisons ranged from 14% (PCC-R Late-8 consonants) to 53% (PCC-A Total, PCC-R Total, and PPC-R).
Discussion
Several perspectives on the between-group and individual risk analysis findings support the conclusion that a significant history of early recurrent otitis media with effusion placed the children in Study 2 at increased risk for speech disorder.
Measurement
From a measurement perspective, it is significant that OME history was associated with differences on both the Intelligibility Index and the PCC-R. The Intelligibility Index has inherent face validity as a metric reflecting speech disability because it includes contributions from speech, language, and prosodic variables (Shriberg & Kwiatkowski, 1982) . As well, the PCC-R has been proposed as the most theoretically sensitive and psychometrically stable index of speech-sound production of the nine speech measures (Shriberg et al., 1997a) . In eliminating the conceptual and reliability issues associated with speech-sound distortions, the PCC-R directly reflects the percentage of consonant deletion and substitution errors in conversational speech. Significant between-group differences were found on the PCC-R for both the groupwise OME+ versus OME-comparisons and for the risk estimate comparisons. For the latter, 53% of the Study 2 children from Native American backgrounds with OME+ histories met criteria for a subclinical or clinical disorder compared to 19% of children with OME-histories-a 34% difference. The odds ratio for these findings indicates a 4.63 increased risk for speech disorder, with a 95% confidence limit of 1.10 to 20.2 bounding this ratio. The power to detect this difference was estimated at .69. Given the small standard error of measurement for the PCC-R (estimated at 2.4 percentage points for boys and girls in this age range; Shriberg et al., 1997a) , these findings are secure relative to potential measurement error. However, the width of the confidence interval indicates the imprecision of the exact risk, likely due to the small sample sizes. These statistically significant findings on the Intelligibility Index and the PCC-R are viewed as providing the best criterion validity for the conclusion that a significant history of OME increased the risk for speech disorder in the children in Study 2.
Participants
Although descriptive trends in both Study 1 and Study 2 indicated poorer speech acquisition in the OME+ compared to OME-groups, the statistically significant findings were nearly all limited to Study 2 comparisons. One obvious between-group difference was the reduced statistical power in Study 1 compared to Study 2. However, there were also major differences in the sociodemographic composition of children in these two groups involving age, race/ethnicity, and social class. Moreover, there were many potentially confounding subject variables that were unmeasured in these data (e.g., gestational age, birth weight, familial history of speech disorder). On differences in age, one suggestion in the otitis literature is that 3 years of age (Study 1) is too early to draw conclusions about long-term effects of middle-ear disease and its correlates on speech (cf. Paul, Lynn, & Lohr-Flanders, 1993; Roberts et al., 1988) . Clinically, however, children whose speech is delayed at 3 years of age (or even at younger ages) are routinely referred for early intervention. For the present research concern, note that the speech error patterns of younger children should be more sensitive to the potential effects of OME than is the case with older children because of younger children's reduced opportunity for speech-sound normalization. On health care issues, the medical records of children in both studies indicated regular and excellent health care. Early and appropriate attention by physicians and caregivers has been cited as one of the major preventive variables in studies using diverse subject pools and independent and outcome measures (e.g., Apel & Marazzi, 1994; Black & Sonnenschein, 1993; Feldman & Gelman, 1986; Freeark et al., 1992; Paden, Matthies, & Novak, 1989; Roberts et al., 1995) .
Thus, the contrast in the number of significant findings in the two studies, each of which used identical speech measures and methods, demonstrates the crucial role of subject characteristics in OME-speech research. The young participants in Study 1 were generally closest in sociodemographic characteristics to children in many of the otitis-speech studies conducted in communities where children have received good health care and are from language-rich learning environments (cf. Table 1) . Moreover, at 3 years of age, the OME+ and OME-children had less chance to normalize speech errors than have older children in OMEspeech studies. In contrast, the somewhat older participants in Study 2 are more comparable to otitis-speech studies conducted with children who may not be experiencing those early home and environmental factors that mitigate the effects of the chronic discomfort and hearing loss associated with early recurrent OME. Related issues, as they affect language acquisition, are addressed in the second paper in this series. As discussed next, the contrast in findings, using identical speech assessment methods, underscores the need for multifactorial models relating early recurrent OME to later speech disorder.
Effect Size
The present findings are consistent with prior literature indicating small to moderate effect sizes, both in the number of children with OME who have a speech disorder and the severity of their speech involvement. Small effect sizes are especially apparent in the severity differences as shown for the grouped data in Table 3 . When divided into normal, subclinical, and clinical involvement, however, risk trends indicate more subclinical or clinical involvement for children with OME+ histories, although not all were statistically significant. Most telling on this issue are the SDCS findings, for which there were few statistically significant differences associated with OME histories. As described elsewhere (Shriberg et al., 1997b) , the stringent developmental criteria for speech delay on the SDCS often result in some children clinically referred for delayed speech being classified as either subclinical delay or normal(ized). To the extent that other studies listed in Table 1 have used measures of comparable stringency, they may not have been sensitive to the differences identified by the other speech metrics used in the present study.
As suggested previously, the relatively small effect sizes might also serve to document the large roles other organismic and environmental variables may play in mitigation or prevention. Most otitis-speech researchers endorse diverse multifactorial explanatory models as explanations for small effect sizes (e.g., Abraham, Wallace, & Gravel, 1996; Bishop & Edmundson, 1986; Paradise, 1997; Paul et al., 1993; Peters, Grievink, van Bon, van den Bercken, & Schilder, 1997; Ruben, 1984; Shriberg, 1987; Vernon-Feagans, 1997) . Hall and Hill (1986) , for example, discussed the need to consider variables in four explanatory domains: otitis media, hearing loss, the child, and the environment. Although there were many differences in the child and environment characteristics of children in Study 1 and Study 2, both groups received a high level of medical care, which should have minimized both the physical discomfort of OME and associated hearing loss. Thus, other than age differences in the two study samples as possible explanatory sources, child and environment factors that were not assessed in this study likely moderated or mediated the primary findings.
The precursor variable notably missing from these data and likely to have the strongest association with effect size is information on children's hearing levels during OME episodes. The few data associating the amount and period of measured or inferred hearing loss with later speech disorder are equivocal. For example, Hubbard, Paradise, McWilliams, Elster, and Taylor (1985) attributed the difference in eventual articulation competence observed in two groups of adolescent children with clefts of the palate to the positive effects on hearing levels of early insertion of pressure equalization tubes, with the more articulate speakers receiving tubes on average at 3.0 months and the other group on average at 30.8 months. However, Paden et al. (1989) found that elapsed time of OME until remission was a predictor of speech normalization, but hearing loss was not associated with specific types of error patterns. In commenting on the potential sources of variance in their data, Paden and colleagues also stressed the need for multifactorial causal models that include child and environment variables:
The most important finding of this study...is that phonological delay at age 3 in children with histories of frequently recurring OME cannot be attributed to a single factor. Children cannot be identified as at risk simply by calculating the amount of time during which OME has been experienced, or by assessing the severity of the hearing impairment it has caused, or even by a combination of these measures. (p. 240)
Conclusion
The central finding of this report is that early recurrent otitis media with effusion was associated with approximately 4.6 (CI = 1.10-20.02) increased risk for subclinical or clinical speech disorder in a demographically well-controlled sample of 50 children and was not associated with significantly increased risk for a different demographically well-controlled sample of 35 children. Because OME measures were comparable in the two samples and speech measures were identical, these data are interpreted as supporting a multifactorial model relating early recurrent OME to later speech disorder. In addition to otological, audiological, and age variables that may have been associated with the differences in outcomes, diverse child and environment factors may have contributed to the risk for speech disorder in one study sample and mitigated risk in the other. Implications for intervention and prevention must await findings from large and well-controlled prospective studies that allow for multifactorial modeling of child and environmental variables and that explicate the psycholinguistic processes linking early recurrent OME to later communicative styles and impairments.
